6. Miller, V.M., and Best, P.J. (1980 A Caenorhabditis elegans mutant has been identified in which an ectopic myosin cap shifts the cleavage furrow relative to the spindle center. Surprisingly, the molecules that suppress this cap in wild-type embryos generate a cap in other asymmetrically dividing cells. [2] [3] [4] . In these rare cases, uncoupling of the position of cleavage furrow from the position of the mitotic spindle correlates with a polarized accumulation of cortical myosin [3, 4] . The mechanisms underlying the polarized accumulation of myosin during asymmetric cell division remain incompletely understood.
A new study simultaneously casts both light and shadows on this process. Pacquelet and colleagues [5] found that one-cell C. elegans embryos can be genetically manipulated such that the cleavage furrow initiates from a site that is not in the plane defined by the center of the spindle, which remains asymmetrically positioned. As a result, these mutant embryos divide almost symmetrically, unlike the asymmetric division of wild-type embryos. This division in these mutant embryos is associated with the formation of an anterior asymmetric myosin cap during cytokinesis, like that seen in Drosophila and C. elegans neuroblasts (Figure 1 ).
This interesting phenotype is clearly observed when at least two genes are simultaneously mutated: PAR-4/LKB1 or its potential target, PIG-1/MELK, and anillin (ANI-1) [5] . Indeed, when PIG-1 and ANI-1 are inactivated, the furrow is positioned closer to the anterior pole. PAR-4/LKB1 is a conserved polarity regulator [6] . Unlike the cortical and asymmetrically distributed anterior and posterior PAR proteins, PAR-4 exhibits a uniform cortical localization and functions downstream of these PAR proteins to promote the asymmetric localization of cytoplasmic factors [7] ; inhibition of PAR-4 alone slightly shifts the plane of cell division towards less asymmetry [5] . PIG-1/MELK is related to and exhibits synthetic lethality with the polarity protein PAR-1, and it belongs to the AMP-activated protein kinase (AMPK) family, the founding member of which serves as an energy sensor in cells. Anillin is a scaffold protein that binds to actin, myosin, active RhoA, and the plasma membrane. The redundancy between PAR-4 and ANI-1 may not reflect a common mode of action but instead may be due to their involvement in functionally distinct parallel pathways that control furrow positioning.
However, and this is where the shadows appear, the kinases that inhibit polarized myosin in C. elegans one-cell embryos promote, rather than inhibit, polarized myosin in C. elegans neuroblasts (Figure 1 ). For example, the kinase PAR-4/LKB1 and its potential target, the kinase PIG-1/MELK, promote asymmetric division of C. elegans neuroblasts [8] . In addition, PIG-1/MELK depletion is sufficient to cause loss of polarized myosin in neuroblasts, therefore inhibiting spindle-independent furrow positioning [4] . The mechanism by which PIG-1/MELK regulates polarized myosin is unknown; however, AMPK has myosin light chain kinase activity and a phosphomimetic version of myosin light chain significantly rescues some polarity defects in flies defective for either AMPK or LKB1 [9] , suggesting that AMPK and LKB1 can serve as myosin activators.
How might loss of PAR-4 and ANI-1 induce a prominent anterior cap of myosin in C. elegans embryos? Although PAR-4 is implicated in myosin activation in other cells, this function is unlikely to be responsible in the early embryo where loss of PAR-4 causes an increase in cortical myosin. An increase in cortical myosin could be generated by activation of a GTP exchange factor (GEF) upstream of RhoA (which increases RhoA activity) or inhibition of a counteracting GTPaseactivating protein (GAP) for RhoA. Indeed, Pacquelet and colleagues [5] found that depletion of RGA-3/4, which is known to serve as a conventional GAP for RhoA in the embryo, can induce furrow positioning defects. Consistent with this, in unrelated work, a hyperactivated allele of a GEF that regulates RhoA during cytokinesis, ECT-2, also causes a strong furrow positioning defect [10] . Thus, it is tempting to speculate that PAR-4 might function in wild-type embryos to suppress RhoA activation. Along these lines it is notable that the effect on furrow positioning was not eliminated by depletion of either ZEN-4 or NOP-1, which function in parallel to promote RhoA activation in early embryos [5] . It would have been interesting to test the effect of PAR-4/ANI-1 depletion in embryos lacking both pathways, to assess whether RhoA becomes activated by an independent pathway when PAR-4 is depleted.
Anillin, on the other hand, as a scaffold protein, promotes myosin coalescence into cortical foci in C. elegans. In mammalian cells it plays a related role, ensuring that myosin accumulates at sites of RhoA activation and, in so doing, suppresses cortical oscillations during cytokinesis [11] . Thus, the furrow positioning defect in anillin-and PAR-4-defective embryos may result from the combination of an increase in RhoA activation and a failure to restrict the accumulation of myosin (an indirect target of RhoA) to the furrow.
Interestingly, Pacquelet and colleagues [5] report that the ectopic cortical myosin associated with furrow repositioning in the mutant embryos was not distributed evenly across the whole embryo, but only at the anterior. The basis for this polarization is not clear: the asymmetrically localized PAR proteins may direct this asymmetry [3] , or it could be an indirect consequence of PAR-mediated control of spindle positioning [12] .
Another example of spindleindependent furrow positioning provides further evidence that this process is mediated by diverse mechanisms. During the formation of Drosophila primordial germ cells, a spindle-independent furrow is induced parallel to the spindle axis, allowing the germ cells to 'bud' from the posterior pole of the embryo. This division requires anillin and GCL (Germ cell-less), a germ plasm BTB-domain protein [2] . Simultaneous expression of anillin and GCL are sufficient to generate ectopic cell budding, perhaps reflecting a spindleindependent furrow. Thus, as with PAR-4/LKB1, both overexpression and reduced expression of anillin can result in spindle-independent furrowing, depending on the context (Figure 1) . Collectively, these results suggest that anillin dosage is critical. It is possible that overexpression of a scaffold protein results in a dominant-negative effect due to the formation of incomplete subcomplexes. It would be interesting to test whether such germ-cell-like divisions can be elicited by GCL expression in anillin mutant embryos.
Although LKB-1, MELK-1, anillin and polarized myosin regulate spindleindependent furrowing in certain cell types, their exact functions are diverse and are context dependent. Though this is unexpected, it is not unprecedented. There are many proteins that exhibit tissue-specific roles in cytokinesis [13] [14] [15] . For example, septins are specifically required for planar but not orthogonal cytokinesis during the division of epithelial cells in Drosophila [15] .
Intriguingly, the asymmetric accumulation of myosin that uncouples division plane positioning from spindle positioning may not be restricted to the cell types discussed above. Cortical actomyosin can spontaneously accumulate at poles of cultured mammalian cells [16] . Polar tension generated by cortical actomyosin at the two poles needs to be precisely balanced for accurate furrow positioning.
Imbalances can result in cell shape instability and furrow oscillations and, in some severe cases, can cause division failure [16] . Studies of spindleindependent furrowing resulting from polarized myosin in neuroblasts and primordial germ cells in Drosophila and neuroblasts and embryonic blastomeres in C. elegans may therefore have implications beyond these specialized cell types. A shift in furrow position from the middle of the anaphase spindle in the C. elegans QR.a neuroblast and the one-cell embryo occurs in response to polarized myosin (red dotted lines). In the QR.a neuroblast, inactivation of PIG-1/MELK causes loss of polarized myosin resulting in conventional spindledependent furrow positioning. However, when PAR-4/LKB1 or its potential target, PIG-1/MELK, and anillin are simultaneously compromised in the one-cell embryo, polarized myosin is recruited to the anterior region, causing displacement of the furrow from the spindle midplane. During Drosophila primordial germ cell formation, a pre-anaphase furrow forms parallel to the anaphase spindle and correlates with myosin accumulation. A furrow bisecting the spindle forms in anaphase (not shown). The pathways that impact furrow position in each case are also depicted, highlighting in red the molecules that function in a context-dependent manner.
